Aims-To evaluate the ability of the confocal scanning laser ophthalmoscope (TopSS) to detect early glaucomatous visual field defect using our unique discriminant criteria. Methods-The optic discs of 110 eyes of normal Korean subjects were examined and normal values for each variable were obtained according to the size of the optic disc. The five most sensitive optic disc variables for discriminating glaucoma were then applied to one eye of 80 Korean subjects with primary open angle glaucoma or normal tension glaucoma. Only eyes with an optic disc size of 2.0-3.0 mm 2 and a contour tilt of less than 3°were included. These variables were used to develop unique discriminant criteria for detecting early glaucomatous visual field defect and their sensitivity and specificity were calculated in three groups of patients with visual field loss. Results-The five most sensitive variables were half the depth area, cup/disc (C/D) ratio, total area of the neuroretinal rim (NRR), volume above, and localised thinning of the NRR. The following criteria were used to diagnose glaucoma: (1) total area of the NRR decreased and one of the other four variables abnormal, and (2) total area of the NRR normal, localised thinning of the NRR, and one of the other three variables abnormal. The sensitivity of these criteria was 89.7% in patients with a mildly impaired visual field and 100% in those with a moderately or severely impaired visual field; the specificity was 89.1%. Conclusions-The discriminant criteria used had high sensitivity and specificity in the diagnosis of glaucoma and the TopSS can be useful in the early detection of changes in the glaucomatous optic disc. (Br J Ophthalmol 2000;84:852-855) 
Evaluation of the optic disc is an important part of the diagnosis of glaucoma and has been performed by ophthalmoscopy, stereophotography, and optic nerve head morphometry (planimetry). [1] [2] [3] Since the early 1990s more accurate and sophisticated new technology such as confocal scanning laser ophthalmoscopy has been introduced. Confocal scanning laser ophthalmoscopy is the most advanced method in current use and provides objective, reproducible, quantitative, and three dimensional analysis of the optic disc. [4] [5] [6] However, its usefulness is limited because there is considerable overlap between normal and glaucomatous eyes and by the fact that some optic disc variables are influenced by race 7 8 and by the size of the disc. 3 9-11 Consequently, it is used mainly to monitor the progression of glaucoma rather than in its diagnosis. [12] [13] [14] To overcome these limitations, race specific normal values of optic disc variables according to disc size are essential.
In this study we have obtained the normal values of optic disc variables of Koreans according to the disc size and evaluated the TopSS, a confocal scanning laser ophthalmoscope, in detecting early glaucomatous defects using our unique discriminant criteria.
Subjects and methods
One hundred and ten normal Korean adults visiting Samsung Health Promotion Center for routine physical examination and 80 patients diagnosed with primary open angle glaucoma or normal tension glaucoma from the Glaucoma Clinic in the Samsung Medical Center were enrolled in the study. Only one eye of each subject was studied.
Normal subjects were selected for the study providing they had no abnormal ocular findings on slit lamp examination; intraocular pressure less than 21 mm Hg by non-contact air puV tonometer (Topcon CT-50); and normal visual field by Goldmann perimeter.
Patients with primary open angle glaucoma met the following criteria: open and normal angle structure by gonioscopic examination; intraocular pressure more than 21 mm Hg by Goldmann applanation tonometry before treatment; and glaucomatous visual field defect on the Humphrey field analyser (C30-2) in more than two consecutive tests. Patients with normal tension glaucoma had the same entry criteria as those with primary open angle glaucoma except that the intraocular pressure was below 21 mm Hg by Goldmann applanation tonometry. Patients with glaucoma were excluded if they had maculopathy, vascular disorder, non-glaucomatous optic neuropathy, or media opacity to minimise the aberrant eVect on the visual field.
The glaucoma patients were divided into three groups according to the mean deviation in global indices of the Humphrey visual field: (1) mildly impaired group with mean deviation of <6 dB; moderately impaired group with mean deviation of 6-12 dB; and severely impaired group with mean deviation of >12 dB. 15 All groups were age matched with normal subjects.
The optic disc variables were obtained by confocal scanning laser ophthalmoscopy using the TopSS ophthalmoscope (Laser Diagnostic Technologies Inc, San Diego, CA, USA) by one examiner. The TopSS automatically provided the following 14 optic disc variables 11 : contour variation, mean contour depth, cup shape, cup area, half depth area, cup/disc (C/D) ratio, area of neuroretinal rim (NRR), volume above, volume below, half depth volume, average depth, maximum depth, average slope, and maximum slope. The NRR area, one of the 14 variables, was divided into 12 sectors and the value of each sector was also measured. Baseline images were made using the average of three consecutive images. Only eyes with an optic disc in the size range 2.0-3.0 mm 2 were included. Eyes with an optic disc contour tilt of more than 3°were excluded to avoid inclusion of eyes with high myopia. The cup margin was defined at 100 µm below the retinal reference plane. Scan angle was set at 10°and scan depth and scan oVset were adjusted at 3 mm and 3, respectively. The optic disc margin was defined by changing the shape of ellipse and fitting the best ellipse around the scleral ring.
Normal values of optic disc variables were obtained from normal subjects according to the disc size. The measurements between the 5th and 95th percentiles were regarded as normal. The abnormal ratio of each variable in each of the three glaucoma groups was obtained and five highly sensitive diagnostic variables, with abnormal rates of more than 50%, were determined. These diagnostic variables were: half depth area (area of all points half way between the cup margin and the bottom); C/D ratio calculated by dividing the cup area by the total optic disc area; total area of NRR (diVerence between total disc area and cup area); volume above (the volume of all tissues within the NRR area); and localised thinning of the NRR (decreased NRR area at 6 or 12 o'clock location). We then established the discriminant criteria using these five variables and analysed the sensitivity and specificity of these discriminant criteria according to the severity of the visual field defect in the patients with glaucoma.
Statistical analysis on diVerence in age and sex between the normal subjects and glaucoma patients was performed using the Student's t test.
Results
There was no significant diVerence in age and sex between the normal subjects and patients with glaucoma (p>0.1). Of the 80 eyes in the patients with glaucoma, 29 were mildly impaired, 19 were moderately impaired, and 32 were severely impaired ( Table 1) .
The 110 eyes of the normal subjects were divided into two groups according to the optic disc size; 53 had a disc size of 2.0-2.5 mm 2 and the remaining 57 eyes had a disc size larger than 2.5-3.0 mm 2 . The normal values influenced by the optic disc size are listed in Table  2 and those not influenced by the optic disc size are shown in Table 3 .
Applying the normal values of these variables to the eyes of the patients with glaucoma, variables such as half depth area, C/D ratio, total area of NRR, volume above, and localised thinning of NRR-which were all influenced by the size of the optic disc-had an abnormal ratio in more than 50% (Table 4 ). The abnormal ratio had a tendency to increase as the severity of the visual field defect increased. Using these variables, the following discriminant criteria for detecting glaucoma were made: (1) decreased total area of NRR and one of the other four variables abnormal, and (2) normal total area of NRR, localised thinning of NRR, and one of the other three variables abnormal.
The sensitivity of these diagnostic criteria was 89.7% in patients with a mildly impaired visual field and 100% in those in whom the visual field was moderately or severely impaired. The specificity was 89.1%. Group I = 2.0 mm 2 < optic disc size < 2.5 mm 2 ; Group II = 2.5 mm 2 < optic disc size < 3.0 mm 2 ; C/D ratio = cup to disc ratio; NRR = neuroretinal rim. Group I = mild visual field loss (mean deviation better than -6 dB); Group II = moderate visual field loss (mean deviation -6 to -12 dB); Group III = severe visual field loss (mean deviation worse than -12 dB); C/D ratio = cup to disc ratio; NRR = neuroretinal rim.
Discussion
Evaluation of the optic disc is more important than the visual field test in the early detection of glaucoma because it has been reported that changes in the optic disc precede the visual field defect. [16] [17] [18] [19] However, the optic disc has features which vary widely between normal and glaucomatous eyes, hence subtle changes in the optic disc in patients with glaucoma are not easily detected, even by an expert. 20 Comparison of serial stereophotography of the optic disc is objective and has been recommended as a convenient method for the early diagnosis of glaucoma. 17 21 22 However, a more accurate, quantitative, and three dimensional measurement is needed. It has been reported that defining the disc area is more reproducible than defining the cup area. 23 This suggests that an automated optic disc analysis in which only the disc area is defined by the examiner and the other variables are calculated by computer software is more objective and valuable. The confocal scanning laser ophthalmoscope, which can analyse minute structural changes, fulfils these requirements and is superior to any other tool. It is useful in detecting the progression of glaucoma. [12] [13] [14] To be useful in the diagnosis of glaucoma it is necessary to estimate the normal values and to determine which optic disc variables are more sensitive to glaucomatous change.
Many studies have attempted to find the most powerful variable of early changes in the glaucomatous optic disc, 24-26 but they have not taken into account factors influencing the optic disc variables. The size of the optic disc is one of these factors. The larger the optic disc, the larger the cup, the neural rim, and the optic nerve fibre count. 3 9-11 Ethnicity is another factor in optic disc analysis. 7 8 A study with the Heidelberg retina tomograph by Iester et al recently reported that a discriminant analysis formula composed of three variables had a sensitivity of 78.7% and a specificity of 89.7% in eyes with an optic disc size in the range 2.0-3.0 mm 2 . 27 The three variables used were cup shape measure, rim volume, and height variation contour which they had found to be useful in the detection of early glaucomatous change in their previous study. 28 However, height variation contour may be highly variable according to the optic disc border determined by the examiner, and it has been reported that the cup shape measure is not a good variable to indicate change in the glaucomatous optic disc. 29 30 We have therefore used other discriminant variables such as the C/D ratio, volume above, half depth area, total area of NRR, and localised thinning of NRR, which had good sensitivity in discriminating changes in the optic disc of patients with glaucoma. The abnormal C/D ratio and total area of NRR was large even in patients with a mildly impaired visual field and increased as the visual field defect progressed, indicating that they are good indicators of change in the glaucomatous optic disc. Interestingly, the abnormal ratio of volume above was larger in those with a moderately impaired visual field than in those in whom the visual field was severely impaired. We postulate that the volume of NRR decreases as the glaucoma progresses. However, when the glaucoma is so severe that the nerve fibre layer on the retina has thinned, this causes the retinal reference plane to set deeper and thereby the volume above may appear inadvertently to increase.
Localised thinning of the NRR is also a sensitive marker of glaucomatous change since the glaucomatous cupping usually begins at the superior or inferior pole of the disc. 31 In this study we divided the area of the NRR into 12 sectors and calculated the abnormal ratio in each sector. The abnormal ratio was large and proportional to the severity of the visual field defect at the 6 o'clock and 12 o'clock locations of the NRR. DiVuse cup enlargement and focal changes of the NRR rim area in the superior and inferior poles, which were described in this study as the decreased total area of the NRR and localised thinning of the NRR, respectively, are the most common early changes found in patients with glaucoma. 18 22 32 Our discriminant criteria fulfilled the above findings and took into consideration race specificity and optic disc size.
Our discriminant criteria were selected on the assumption that a combination of several sensitive variables would achieve better results than a single variable in the early detection of changes in the optic disc in patients with glaucoma. They are simple, but can be clinically useful in the diagnosis of early glaucomatous change. Furthermore, since the volume and area of the NRR are not significantly diVerent between ethnic groups, 8 these criteria may be of use as a reference in other ethnic groups. The sensitivity and specificity of these criteria were 89.7% and 89.1%, respectively. This means that about 10% of subjects could be misdiagnosed as having or not having glaucoma. We included only those with optic discs tilted less than 3°and of size range 2.0-3.0 mm 2 . Since it is still not easy to evaluate tilted discs, and it takes time to include enough smaller or larger discs to establish the normal range in these disc sizes, analysis of the tilted disc and variables in various disc sizes still remains a challenge.
In conclusion, the discriminant criteria used in this study had a high sensitivity and specificity in the diagnosis of glaucoma and the confocal scanning laser ophthalmoscope, the TopSS, can be useful in the early diagnosis of changes in the optic disc of patients with glaucoma.
